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INTRODUCTION

1
Metabolic syndrome has become a major social issue both globally as well as in 2 Japan. Obesity is a principal causative factor in the development of metabolic syndrome. The 3 major concerns related to increasing obesity are the associated pathological signs, including 4 hypertension, dyslipidemia, insulin resistance, and glucose intolerance. The combination of 5 these features dramatically increases the risk of cardiovascular disease [1] .
6
Adipocytes are the primary site of energy storage and the accumulation of 7 triacylglycerol during excess energy intake. In recent years, it has been accepted that hypertrophic adipocytes produce less adiponectin, which has been reported to lead to the 14 impairment of insulin sensitivity [5] . Higher production of non-esterified fatty acid (NEFA) 15 by adipocytes in the mesenteric fat tissues may also trigger insulin resistance.
16
Low calcium (Ca) intake is a serious nutritional problem especially in the younger 17 Asian population. Many epidemiological studies have reported the link between Ca intake and 18 insulin resistance, one of the central abnormalities in obesity or metabolic syndrome [6, 7] .
19
The results of several observational prospective studies showed that there is a relationship 20 between low/insufficient oral Ca intake and the incidence of Type 2 diabetes [8] [9] [10] or 21 metabolic syndrome [11] . Low levels of dietary calcium and dairy products increase the risk 22 of hypertension and insulin resistance syndrome (IRS) [11] [12] [13] . It has been reported that 23 insulin resistance appears to be a consequence of an impairment of intracellular Ca signals 1 with many other cell signaling factors [14, 15] . Enhancement of PTH levels is also known as 2 a factor for impairment of insulin sensitivity [16] . However, these mechanisms are poorly 3 understood.
4
The aims of this study were to determine the effects of Ca deficiency on the 5 properties of abdominal adipocytes, including lipolytic activity and adipocytokine release, in 6 the early stages after weaning in rats fed a high sucrose diet, which is a metabolic syndrome 7 inducible diet. We evaluated adrenaline-induced lipolysis and adipocytokine release using 8 freshly isolated rat mesenteric fat cells after the feeding of a Ca-deficient diet for 4 weeks. 
MATERIALS AND METHOD
11
Animals and diets
12
Male Sprague-Dawley rats (3 weeks old; Japan Clea, Tokyo, Japan) were housed in Table 1 were given everyday. This study was approved by the Hokkaido
19
University Animal Committee and the animals were maintained in accordance with the 20 Hokkaido University guidelines for the care and use of laboratory animals.
21
Study design 22 Acclimated rats were divided into two groups of eight rats, and were given one of the 23 5 abovementioned test diets for 4 weeks. Body weight and food intake were measured everyday.
1
Daily food intake in the normal Ca group was adjusted to that in the Ca-deficient group. Tail 2 blood was collected in heparinized micro tubes after 10h fasting on the 25th day. On the last 3 day, the rats were killed after the collection of abdominal aortic blood under a pentobarbital 4 anesthesia (Nembutal: sodium pentobarbital, 50 mg/kg body weight, Abbott Laboratories,
5
North Chicago, IL, USA). The liver, kidney, cecum, and abdominal white adipose tissue 6 (mesenteric, retroperitoneal, and epididymal) were immediately excised and weighed. The tail 7 blood plasma and aortic blood serum were collected after centrifugation, and stored at -80˚C 8 until the subsequent analyses.
9
The concentrations of Ca, albumin, and total protein, and the Albumin/Globulin ratio 10 (A/G ratio) in the serum, and the concentrations of glucose (Glc), non-esterified fatty acid
11
(NEFA) and triglyceride (TG) in the plasma were measured using enzyme assay kits 
Statistics
14
Student's t-test was used for comparisons between the two groups (Table 2 and repeated measures ANOVA, and the differences among treatment groups were determined 17 using Tukey-Kramer's test ( Fig. 1 and 2 ) in a case that interaction in two-way ANOVA is 18 significant. A difference with P < 0.05 was considered significant. Pearson's correlation 19 coefficients were calculated (Fig. 4) . 
RESULTS
1
Final body weight and food intake, which normal range for 8 weeks old rats, were 2 similar between the 0.5% Ca and 0.1% Ca diet groups, whereas the relative weights of the 3 mesenteric, retroperitoneal, and epididymal fat tissue were 17%, 30% and 25% lower in the 4 0.1% Ca diet group than in the 0.5% Ca diet group, respectively (Table 2) . Relative wet 5 weights of the liver and kidney were greater in the 0.1% Ca diet group than in the 0.5% Ca 6 diet group; however, there were no differences in the weights of the cecum together with its 7 contents between the two groups.
8
In the aortic blood serum, Ca concentration was significantly lower and PTH level 9 was much higher in the 0.1% Ca diet group than in the 0.5% Ca diet group (Table 3) . The 10 serum adiponectin and leptin concentrations were lower in the 0.1% Ca diet group compared 11 with the 0.5% Ca diet group. Feeding with the Ca-deficient diet had no effects on the serum 12 levels of albumin and total protein, or on the A/G ratio. Further, the ingestion of 0.5% or 0.1%
13
Ca diet did not cause any changes in TG, NEFA and glucose concentrations in the tail blood 14 plasma of fasted rats. However, TG levels of the rats in this study were much higher than the 15 normal range (51.5 ± 15.0 mg/dL, 10 weeks old) officially provided by the breeder (Japan 16 Clea, Tokyo, Japan). Glucose levels were within normal range (163.7 ± 28.4 mg/dL, 10 weeks 17 old).
18
Adrenaline-induced lipolysis in isolated mesenteric fat cells was increased in both 19 groups in a dose-dependent manner (Fig. 1) . Release of NEFA by stimulation with adrenaline 20 was higher in the Ca-deficient group than in the normal Ca group according to the result of 21 two-way ANOVA (P < 0.001, Fig. 1 legends) . At 0.2 g/mL and 0.5 g/mL adrenaline,
22
NEFA release was 2-fold and 1.5-fold higher in the 0.1% Ca diet group than that in the 0.5% 23 Ca diet group, respectively. Non-stimulated levels of NEFA release were very low and no 1 inter-group differences were observed between diet groups (Data not shown). two-way ANOVA show that adrenaline and diet had no effect on MCP-1, but diet did affect 6 adiponectin release, which was significantly lower in the 0.1% Ca diet group compared with 7 that in the 0.5% Ca diet group. Change in leptin release showed a similar tendency to that of 8 adiponectin without any significant inter-group differences.
9
The Ca-deficient diet affected average adipocyte size and distribution in the 10 mesenteric fat tissues (Fig. 3) . Feeding with the 0.1% Ca diet was associated with a reduction accompanied by large increases in number of cells of a slightly smaller than average size, 1.5 23 13 -2.0 m 2 × 10 3 . The conventional method for measuring fat cell size is the histological 1 method using fixed sections of fat tissue. However, it is difficult to evaluate the exact fat cell 2 size using this method due to differences in the shape of each cell. Our method using isolated 
12
We analyzed the correlation between fat cell size and lipolysis or adipocytokine groups.
22
We found that blood PTH levels also correlated inversely with adiponectin and fat cell suppress lipogenesis in fat cells, and reduce the cell size in Ca-deficient rats.
12
In conclusion, low Ca intake leads to a reduction in fat cell size, and stimulates low in the same adrenaline dose, P < 0.05. 
